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Propionibacterium acnes Induces IL-1b Secretion via
the NLRP3 Inflammasome in Human Monocytes
Min Qin1,4, Aslan Pirouz1,4, Myung-Hwa Kim2, Stephan R. Krutzik1, Hermes J. Garba´n1 and Jenny Kim1,3
Propionibacterium acnes induction of inflammatory responses is a major etiological factor contributing to the
pathogenesis of acne vulgaris. In particular, the IL-1 family of cytokines has a critical role in both initiation of acne
lesions and in the inflammatory response in acne. In this study, we demonstrated that human monocytes
respond to P. acnes and secrete mature IL-1b partially via the NLRP3-mediated pathway. When monocytes were
stimulated with live P. acnes, caspase-1 and caspase-5 gene expression was upregulated; however, IL-1b secretion
required only caspase-1 activity. P. acnes induced key inflammasome genes including NLRP1 and NLPR3.
Moreover, silencing of NLRP3, but not NLRP1, expression by small interfering RNA attenuated P. acnes-induced
IL-1b secretion. The mechanism of P. acnes-induced NLRP3 activation and subsequent IL-1b secretion was found
to involve potassium efflux. Finally, in acne lesions, mature caspase-1 and NLRP3 were detected around the
pilosebaceous follicles and colocalized with tissue macrophages. Taken together, our results indicate that P. acnes
triggers a key inflammatory mediator, IL-1b, via NLRP3 and caspase-1 activation, suggesting a role for
inflammasome-mediated inflammation in acne pathogenesis.
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INTRODUCTION
Acne vulgaris is the most common skin disease; yet, the
pathogenesis is not fully understood because of its complexity.
Acne affects the majority of adolescent and young adult
populations worldwide. Although acne is a non-lethal and
self-limiting disease, its chronicity and effect on appearance
and self-esteem can impose significant emotional morbidity.
Propionibacterium acnes, which resides in pilosebaceous
follicles in both acne and non-acne subjects, has a key role in
eliciting host inflammatory responses that are thought to be
essential for the pathogenesis and responsible for the clinical
manifestation of acne vulgaris (Bojar and Holland, 2004).
P. acnes contributes to the inflammatory nature of acne by
inducing innate immune cells to secrete pro-inflammatory
cytokines, including TNF-a, IL-6, IL-8, and IL-12 (Kim et al.,
2002). The IL-1 family of cytokines has been implicated as an
initiator and a key factor in the pathogenesis of acne (Ingham
et al., 1992). IL-1b has been shown to be a potent inducer
of pro-inflammatory cytokines IL-6 and IL-8 in sebocytes,
suggesting a potential role in diseases of the pilosebaceous
unit such as acne (Mastrofrancesco et al., 2010). Our
laboratory and others have previously demonstrated that
P. acnes induces inflammatory cytokines and metallo-
proteinases in part through Toll-like receptor (TLR)-2 (Kim
et al., 2002; Jalian et al., 2008).
Nucleotide oligomerization domain-like receptors (NLRs)
are an important class of cytosolic pattern recognition receptors
sensing microbial molecules and danger signals and triggering
inflammation and anti-microbial responses (Martinon and
Tschopp, 2005). NLRs are a part of inflammasome comple-
xes, which are a central component for regulation of IL-1b
maturation and secretion (Martinon et al., 2002). Involvement
of inflammasome complexes in inducing inflammatory
responses in skin diseases, including psoriasis and
Staphylococcus infection, has been recently demonstrated
(Murphy et al., 2000; Miller et al., 2007; Dombrowski et al.,
2011). However, the involvement of inflammasome activation
in P. acnes-induced inflammation remains elusive. Therefore,
we have investigated the role of inflammasome activation in
IL-1b regulation in human monocytes in response to P. acnes.
RESULTS
P. acnes triggers IL-1b secretion in human monocytes
Our previous studies showed that P. acnes induces the
inflammatory cytokines IL-8 and IL-12 in human monocytes
(Kim et al., 2002). To determine whether P. acnes induces
IL-1b in primary human monocytes, we obtained monocytes
from normal subjects and exposed them to live P. acnes at
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various multiplicity of infections (MOIs) (0.1, 0.5, and 1.0) for
24 hours, and the expression of IL-1b mRNA was determined
by quantitative reverse transcriptase PCR. P. acnes induced
IL-1b gene expression by 100–200-fold in comparison with
media control over a range of MOI (Po0.01, Figure 1a). The
induction of pro-IL-1b protein was determined by western
blot analysis of cell lysates, confirming the upregulation of
pro-IL-1b (31 kDa) when cells were stimulated with live
P. acnes (Figure 1b). In addition, secretion of mature IL-1b
following stimulation with P. acnes was significantly induced
(4,000–5,000 pg ml 1) over a range of MOI (Po0.01)
(Figure 1c).
Role of TLR2 in P. acnes induction of IL-1b in human monocytes
It has been shown that several bacterial components are
critical activators of TLR2-mediated response (Mariathasan
et al., 2006; Sutterwala et al., 2006; Lamkanfi et al., 2009a).
Our previous studies showed that TLR2 mediates P. acnes
induction of innate immune response in monocytes by
inducing IL-8 and Il-12 production; however, whether the
TLR2 pathway is specifically involved in IL-1b regulation
in the presence of P. acnes is not clear yet. Using TLR2
blocking Ab, we show that P. acnes induction of IL-1b is
suppressed by approximately 50% at mRNA (Figure 1d) and
40% at protein/secreted (Figure 1e) levels, respectively,
indicating that TLR2 is at least partially but not soley involved
in IL-1b induction.
Caspase-1 activation is required for P. acnes-induced IL-1b
secretion
To determine the other factors/pathways in addition to TLR2
that mediate P. acnes induction of IL-1b, we studied inflam-
masome complex involved in inducing innate immune
response. As mature IL-1b requires proteolytic cleavage by
inflammatory caspases, we examined the expression of two
caspases, caspase-1 and caspase-5 involved in inflammation
(Martinon and Tschopp, 2007). We found that monocytes
stimulated with P. acnes significantly induced the mRNA
expression of both caspase-1 and caspase-5, by approximately
5- and 6-fold, respectively, in comparison with cells cultured
in media alone (Po0.01) (Figure 2a).
To determine whether caspase-1 and/or caspase-5 has
a role in P. acnes-induced IL-1b secretion, we performed
inhibitor studies. Monocytes were pretreated with either
Z-YVAD-FMK or Z-WED-FMK, specific inhibitors of
caspase-1 and caspase-5, respectively, before stimulation with
live P. acnes. IL-1b secretion following P. acnes stimulation
was inhibited in a concentration-dependent manner by the
caspase-1 inhibitor, Z-YVAD-FMK (Po0.01 and o0.05)
(Figure 2b). In contrast, there was no significant change in
IL-1b secretion in the presence of the caspase-5-specific
inhibitor (Figure 2c). In comparison, P. acnes induced IL-6
in the presence of both caspase-1 and caspase-5 inhibitors
(Supplementary Data online, Figure 1), suggesting that specific
induction of IL-1b by P. acnes is dependent on caspase-1.
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Figure 1. Propionibacterium acnes induction of IL-1b in human monocytes. Primary human monocytes from normal donors were stimulated in the presence or
absence of various concentrations of live P. acnes (multiplicity of infection (MOI) of 0.1, 0.5, and 1.0) for 24 hours. (a) IL-1b gene expression was assessed by
quantitative reverse transcriptase PCR. Data represent three donors. (b) Pro-IL-1b protein (31-kDa band) in the cell lysates was determined using western blot.
(c) Mature IL-1b secretion into culture supernatant was assessed using ELISA. Monocytes were pretreated with anti-TLR2 or isotype control mAbs 30 minutes before
stimulation with P. acnes (MOI 0.5), and the induction of IL-1b at mRNA and supernatant protein levels was determined using qPCR (d) and ELISA (e), respectively.
Data represent mean±SD (n¼ 3; *Pp0.05, **Pp0.01).
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P. acnes induction of IL-1b is dependent on NLRP3
inflammasome
To identify the specific inflammasome involved in P. acnes
induction of IL-1b, we first analyzed the gene expression of
major NLRs by RT-PCR in monocytes treated with or without
P. acnes. Our results show that P. acnes induces gene
expression of NLRP1 and NLRP3 in human monocytes
(Figure 3a). In contrast, AIM2 and IPAF were expressed in
unstimulated monocytes, and their expression was not
affected by P. acnes treatment (Figure 3a).
To determine whether NLRP1 and/or NLRP3 mediate
P. acnes-induced IL-1b secretion, we utilized small interfering
RNA (siRNA) to silence specific gene expression. Trans-
fection of monocytes with specific siRNA reduced P. acnes-
induced NLRP1 and NLRP3 expression by 68% and 73%
(Po0.01), respectively, whereas a nonspecific control
siRNA had no effect (Figure 3b). Importantly, we found
that the NLRP3-specific siRNA suppressed P. acnes-
induced IL-1b secretion by approximately 90% (Po0.01),
whereas the NLRP1-specific siRNA and control siRNA had no
significant effect on IL-1b secretion (Figure 3c). Taken
together, these results suggest that the NLRP3 inflammasome
is necessary for P. acnes-induced IL-1b generation and
secretion.
8
8,000
IL
-1
β (
pg
 m
l–1
)
IL
-1
β (
pg
 m
l–1
)
6,000
4,000
2,000
YVAD-FMK
(μg ml–1)
Z-WEHD
(mM)
P. acnes P. acnes
0
8,000
6,000
4,000
2,000
0
0 02
– – + + +
20.2
– – + + + +
2551050
**
**
**
**
*
Caspase 1 Caspase 5
R
el
at
ive
 m
R
N
A 
ex
pr
es
sio
n
7
6
5
4
3
2
1
0
Figure 2. P. acnes induction of IL-1b is dependent on caspase-1 in human monocytes. (a) Cells were stimulated with P. acnes (multiplicity of infection (MOI)
of 0.5) for 24 hours, and the mRNA expression of caspase-1 and caspase-5 was determined using quantitative reverse transcriptase PCR and normalized against
the expression of glyceraldehyde-3-phosphate dehydrogenase. Cells were treated with (b) Z-YVAD-FMK, caspase-1 inhibitor, or (c) Z-WEHD-FMK, caspase-5
inhibitor, for 30 minutes and then stimulated with P. acnes (MOI of 0.5). Culture supernatants were collected after 24 hours and assayed with IL-1b ELISA.
Data represent mean±SD (n¼ 3; *Pp0.05, **Pp0.01).
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Figure 3. P. acnes induction of IL-1b is NLRP3 dependent in human monocytes. (a) Monocytes were stimulated with P. acnes (multiplicity of infection (MOI)
0.5), and the gene expression of major NLRs was determined after 24 hours using RT-PCR. Data are representative of four independent experiments. (b) Monocytes
were transfected with siRNA oligos specific for NLRP3, NLRP1, or a nonspecific siRNA oligo (siCTRL) before stimulations with P. acnes (MOI 0.5), and the
levels of NLRP3 and NLRP1 were assessed using quantitative reverse transcriptase PCR and are represented as fold change versus media control. (c) siRNA-
transfected cells were then stimulated with P. acnes (MOI of 0.5), and then culture supernatants were collected after 24 hours and assayed with IL-1b ELISA
(n¼ 3; **Pp0.01).
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Potassium efflux is required for P. acnes-induced IL-1b secretion
To further study the mechanism of NLRP3 inflammsome
activation by P. acnes, we used glibenclamide, a selective
inhibitor of ATP-sensitive Kþ channels that blocks maturation
of caspase-1 (Lamkanfi et al., 2009b). Treatment of monocytes
with glibenclamide before stimulation with P. acnes inhibited
activation of caspase-1 as determined by western blot
(Figure 4a). Although P. acnes stimulation induces conversion
of procaspase-1 (45 kDa) to the active forms, p10 and p20, in
the presence of either caspase-1 inhibitor or glibenclamide,
both p10 and p20 expression were downregulated (Figure 4a).
Furthermore, P. acnes-induced IL-1b secretion was inhi-
bited by glibenclamide in a concentration-dependent manner
(Po0.01) (Figure 4b). In contrast, secretion of IL-6 was
unaffected by glibenclamide (Supplementary Data online,
Figure 2). Therefore, our data indicate that potassium efflux
is required for NLRP3 activation of caspase-1 and subsequent
IL-1b secretion in response to stimulation with P. acnes.
NLRP3 and active caspase-1 are expressed in acne lesions and
co-localize in tissue macrophages
We examined acne lesions for in situ expression of NLRP3
and caspase-1 to correlate our in vitro findings and provide
clinical relevance. Immunofluorescence labeling together with
confocal laser microscopy using specific mAbs revealed
higher cellular expression of NLRP3 and active caspase-1
in the dermis surrounding the pilosebaceous follicles in
acne lesions (Figure 5a, left and middle image) compared
with normal skin control (Figure 5b, left and middle image). In
addition, a higher prevalence of CD68þ monocytes/macro-
phages in acne lesions (Figure 5a, right image) versus normal
skin control was noted (Figure 5b, right image).
To confirm the cell lineage expressing NLRP3 and caspase-
1 in acne lesions, we performed double immunofluorescence
labeling utilizing monocyte/macrophage marker CD68.
We first demonstrated that caspase-1 and NLRP3 colocalized
(Figure 5c, left image). In addition, both caspase-1 (Figure 5c,
middle) and NLRP3 (Figure 5c, right) individually colocalized
with CD68. These findings suggest that caspase-1 and NLRP3
are expressed in CD68þ monocytes/macrophages in acne
lesions (Figure 5c). Triple immunofluorescence labeling
showed that both NLRP3 and caspase-1 colocalized with
the monocyte/macrophage marker CD68 (Figure 5d, left and
middle image). In contrast to acne lesions, staining of normal
skin revealed few foci of NLRP3 and caspase-1 fluorescence
within dermal macrophages (Figure 5d, right image).
DISCUSSION
Recognition of microbial pathogens by innate immune cells
triggers inflammatory signals to combat infection and prevent
disease. Yet, the same mechanism can also lead to uncon-
trolled inflammation resulting in tissue injury and disease. In
acne, P. acnes-induced inflammatory response, including the
secretion of IL-1, represents a key pathogenic factor leading to
disease manifestation (Ingham et al., 1992; Mastrofrancesco
et al., 2010). Here we investigated the molecular mechanism
by which P. acnes induces IL-1b generation in human mono-
cytes. Our results demonstrate that P. acnes triggers IL-1b
generation through an inflammasome pathway, specifically
involving NLRP3 and caspase-1. The induction of IL-1b by
P. acnes also involves a mechanism that is dependent on Kþ
efflux. Furthermore, we provide evidence in vivo that NLRP3
and active caspase-1 are expressed by CD68þ tissue macro-
phages in acne lesions, infiltrating around pilosebaceous
follicles, further suggesting involvement of inflammasome
complexes in acne pathogenesis. Our study suggests a mecha-
nism by which P. acnes triggers innate immune response
through activation of NLRP3 inflammasome and secretion of
IL-1b.
In addition to inflammasome-mediated response, we also
demonstrate that TLR2 signaling leads to a partial induction of
IL-1b. We have previously demonstrated that P. acnes stimu-
lates innate immune cells to induce inflammatory cyto-
kines that contributes to disease pathology via TLR2 activity
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Figure 4. P. acnes activation of caspase-1 and IL-1b secretion in human monocytes is regulated by Kþ efflux. Primary human monocytes were treated with
glibenclamide or Z-YVAD-FMK for 30 minutes before stimulation with P. acnes (multiplicity of infection (MOI) of 0.5). (a) Cells were lysed after 24 hours,
and caspase-1 activation was assessed using western blot. (b) Cells were treated with glibenclamide at various concentrations (5–50mg) for 30 minutes before
stimulation with P. acnes (MOI of 0.5). Culture supernatants were collected after 24 hours and assayed by IL-1b ELISA (n¼3; **Pp0.01).
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(Kim et al., 2002). The involvement of TLR2 in P. acnes
induction of IL-1b was not known. Here our results are
consistent with other studies that have shown that TLR2
ligands such as zymosan and lipoteichoic acid induce
inflammsome-mediated IL-1b release as well (Mariathasan
et al., 2006; Sutterwala et al., 2006; Lamkanfi et al.,
2009a). P. acnes TLR2 ligand has not been identified, but
previous studies provide clues that lipoteichoic acid on the
cell wall of P. acnes could be a possible TLR2 ligand
candidate.
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Figure 5. NLRP3 and caspase-1 are expressed and colocalized with CD68þ macrophages in acne lesions. Three-color immunofluorescence confocal images
were obtained for NLRP3 (green), caspase-1 (red), and CD68 (blue) in (a) acne lesions and (b) normal skin. Original magnification 20 (scale bar represents
75mm). The image is a representative data of at least three skin lesions obtained from skin lesions. (c) The images were then superimposed, and double-positive
cells are shown in yellow (caspase-1þNLRP3), pink (caspase-1þCD68), and turquoise (NLRP3þCD68); original magnification 40. Bar¼ 10mm.
(d) The overlay of NLRP3, caspase-1, CD68, is seen in increasing magnification,  40 and 63 (left and middle, respectively). Bar¼2mm. (d) Right panel
represents staining of normal tissue, magnification  20. Data are representative of experiments with tissue obtained from three independent donors.
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Although TLR2 involves recognition of P. acnes at the cell
surface by a pattern recognition receptors, our study demon-
strating NLRP3 requirement for P. acnes-induced IL-1b secre-
tion suggest activation of a cytoplasmic pattern recognition
receptor of innate immune cells by P. acnes. Although
P. acnes is an extracellular pathogen, studies suggest that the
bacterium can be internalized by phagocytes and persist
within the cells to induce chronic inflammation (Liu et al.,
2008). Studies have shown that microbes genetically similar
to P. acnes, such as Mycobacterium abscessus and
Mycobacterium tuberculosis, can also activate NLRP3
(Dorhoi et al., 2012; Lee et al., 2012). The extracellular skin
pathogen Staphylococcus aureus and intracellular pathogens
such as Listenria monocytogenes also activate inflammasomes
(Kim et al., 2010). Our result demonstrating that P. acnes
activates NLR signaling, specifically NLRP3 in human
monocytes, is therefore consistent with what is known for
other skin pathogens.
The precise mechanism involved in activation of the NLRP3
inflammasome remains unclear. However, we demonstrate
that Kþ efflux is necessary for NLRP3 activation of caspase-1
in human monocytes and subsequent IL-1b release in response
to stimulation with P. acnes. Activation of the NLRP3
inflammasome by extracellular bacteria including Staphylo-
coccus aureus and Escherichia coli has been shown to require
potassium efflux through ATP-sensitive Kþ channels in
response to ATP (Lamkanfi et al., 2009b). In contrast,
activation of NLRP3 inflammasome by intracellular bacteria
such as Salmonella and Listeria in murine macrophages does
not require Kþ efflux, suggesting different mechanisms
mediating NLRP3 activation in response to intracellular and
extracellular bacteria (Franchi et al., 2012).
Although a P. acnes ligand for NLRP3 is not known, there
are some clues from recent studies, which have identified
specific bacterial ligands directly activating NLRP3. For
example, M. tuberculosis protein ESAT 6 was recently shown
to directly activate the NLRP3 inflammasome and trigger IL-1b
release (Mishra et al., 2010). Martinon et al. (2004) identified
bacterial muramyl dipeptide as a direct activator of the NLRP3
inflammasome. Given that the P. acnes cell wall also contains
muramyl dipeptide (Girvan et al., 2011), it is possible that this
might be considered a potential ligand that activates NLRP3.
Although the cellular structure of P. acnes may contain
NLRP3 ligand(s) and directly activate NLRP3, it is also possible
that P. acnes instead stimulate cellular stress through activa-
tion and release of reactive oxygen species (ROS) that can
then activate NLR signaling. NLRP3 has been hypothesized to
sense cellular stress through activation by ROS in response to
stimulation with several pathogens, including respiratory
syncytial virus, Aspergillus fulmigatus, and Plasmodium falci-
parum (Dostert et al., 2009; Said-Sadier et al., 2010; Tschopp
and Schroder, 2010). A recent study demonstrated that the
production of ROS by keratinocytes initiates P. acnes-induced
inflammation in skin (Grange et al., 2009). Whether the
mechanism of this inflammation requires NLR signaling
remains elusive.
TLR2 signaling has been shown to contribute to rapid
inflammasome activation during Francisella novicida infection
(Jones and Weiss, 2011). In addition TLR activation regulates
NLRP3 gene expression in monocytes infected with respiratory
syncytial virus (Segovia et al., 2012). In this study, we
demonstrate that TLR2 partially mediates induction of IL-1b
in response to P. acnes. However, further studies are required
in order to assess whether TLR2 activation by P. acnes
regulates NLRP3 expression and inflammasome activation.
In this study, we focus on monocytes and tissue macro-
phages because we have previously demonstrated that tissue
macrophages surrounding the pilosebaceous unit in acne
lesions expressed high levels of TLR2 and correlated with
the degree of inflammatory nature of the clinical lesions (Kim
et al., 2002). Similarly, here we observed that the expression
of a cytosolic pattern recognition receptor, NLRP3
inflammasome, is expressed in tissue macrophages, and the
macrophages are abundant in inflammatory acne. It is likely
that other innate cells, that make up the pilosebaceous unit,
such as keratinocytes and sebocytes, and other dermal inflam-
matory cells, such as neutrophils, also express inflammasome
proteins and mediate inflammation in acne. In fact,
keratinocytes express inflammasome complexes and induce
inflammation in other disease models (Johansen et al., 2007;
Watanabe et al., 2007). Although some of our experiments are
limited as we use peripheral monocytes, there is more
evidence to suggest that acne maybe a systemic condition,
as diet, stress, and metabolic conditions have been associated
with acne (Lolis et al., 2009). The use and study of peripheral
monocytes therefore maybe more relevant than initially
thought.
In conclusion, we have shown that stimulation of mono-
cytes with P. acnes in vitro results in IL-1b secretion in a
partially NLRP3 inflammasome-mediated mechanism. We
have further demonstrated that caspase-1 and NLRP3 are
expressed in vivo in dermal macrophages surrounding the
pilosebaceous follicles in acne lesions. In light of the potential
role of IL-1b in acne pathogenesis, anti-IL-1b, and/or
molecules that could regulate NLRP3, caspase-1 or Kþ efflux
should be considered in treatments of acne. Further under-
standing of P. acnes-induced IL-1b regulation through
the inflammasome pathways should allow for methods of
immunological intervention in acne and in other IL-1b-
mediated skin diseases.
MATERIALS AND METHODS
Antigens and reagents
P. acnes strain ATCC 6919 was obtained from American Type Culture
Collections and was grown in the miniMACS anaerobic workstation
(Don Whitley Scientific, West Yorkshire, UK). Briefly, Brucella agar
plates supplemented with blood, hemin, and vitamin K (Remel Fisher
Scientific, Lenexa, KS) were streaked with P. acnes overnight. Single
colonies of bacteria were isolated and used to inoculate reinforced
Clostridium medium. The cultures were grown in an anaerobic
chamber for 4–5 days. A spectrophotometer OD600 was used to
determine the bacterial log phase. Bacterial cultures were diluted at a
final concentration of 0.1, 0.5, and 1 MOI and used to stimulate cells.
We have selected live P. acnes as opposed to sonicated preparations
of P. acnes due to the pathophysiological relevance of our model and
consistency on the observed responses.
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Caspase-1 and caspase-5 inhibitors (Z-YVAD-fmk and Z-WED-fmk,
respectively) were purchased from Biovision (Milpitas, CA).
Conditions and effectiveness of caspase inhibitors were established
based on previous studies and according to the manufacturer’s
recommendations (Thornberry et al., 1997; Garcia-Calvo et al.,
1998). Glibenclamide was purchased from InvivoGen (San Diego,
CA). Anti-Human TLR-2 mAb and appropriate IgG1 isotype antibody
were purchased from eBioscience (San Diego, CA).
For western blot analysis, we used the following specific
antibodies: pro-IL-1b (R&D Systems), caspase-1 (Santa Cruz
Biotechnology, Minneapolis, MN), and b-actin (Cell Signaling Tech-
nology, Dallas, TX). Secondary antibodies were horseradish perox-
idase-conjugated anti-rabbit and anti-mouse IgGs (R&D Systems,
Danvers, MA).
Isolation of monocytes and cytokine ELISA
Peripheral blood mononuclear cells were isolated from whole
blood of normal healthy donors as approved by the Institutional
Review Board at UCLA using Ficoll-Paque gradients (GE Healthcare,
Piscataway, NJ) and plated onto six-well tissue culture plates
(20 106–30 106 perwell) for 2 hours in RPMI 1640 medium
(Invitrogen Life Technologies, Carlsbad, CA) supplemented with
1% fetal calf serum (Omega Scientific, Tarzana, CA). Non-
adherent cells were removed by rigorously washing three times with
RPMI. Adherent monocytes were cultured in 10% fetal calf serum
with P. acnes at MOI 0.1, 0.5, and 1.0, for 24 hours at 37 1C.
Supernatants were collected and assayed by IL-1b-specific ELISA with
quantification by reference to a recombinant IL-1b standard
(eBioscience). Samples were assayed in triplicates. Results are
expressed as mean±SD of at least three independent experiments,
with monocytes obtained from three independent donors.
RNA isolation, cDNA synthesis, and real-time PCR
Monocytes were stimulated with media or with P. acnes at MOI 0.1,
0.5, or 1.0, for 24 hours at 37 1C. Total RNA was isolated using Trizol
reagent following the manufacturer’s recommendations and treated
with RNase-free DNase. RNA concentration and quality were
determined by spectrophotometry. RNA samples were reverse
transcribed to cDNA using iScript cDNA synthesis kit (Bio-Rad,
Hercules, CA). Reactions were done at 25 1C for 5 minutes, 42 1C
for 30 minutes, and 85 1C for 5 minutes.
cDNA was used as templates for subsequent PCR amplification
using gene-specific primers (Supplementary Table S1 online). Con-
ventional PCR was performed in a cycling condition as follows:
5 minutes at 95 1C followed by 30 cycles of 20 seconds at 95 1C, 20
seconds at 60 1C, and 30 seconds at 72 1C, with a final step at 72 1C
for 8 minutes to allow complete extension of all amplified fragments.
The amplified products were visualized by running on 2% agarose gel
electrophoresis.
Real-time PCR was performed using iQ SYBR Green supermix (Bio-
Rad). Forty cycles were carried out at 95 1C for 5 minutes, then 95 1C
for 10 seconds, 55 1C for 20 seconds, and 72 1C for 20 seconds.
Glyceraldehyde-3-phosphate dehydrogenase amplification was used
as internal standard for normalization. Primers were designed using
Primer Express (Applied Biosystems, Foster City, CA) and listed
in Supplementary Table 1 online in Supplementary Materials and
Methods online. Gene expression level was quantified by the
comparative method 2DDCT.
siRNA transfection
siRNA transfection into monocytes was accomplished by using the
Amaxa Nucleofector system and the Human Monocyte Nucleofector
Kit according to the manufacturer’s recommendations with program
U-001 for high viability. siRNA constructs were used at 1mg per
transfection. Transfection efficiency of expression constructs was
assessed using the pMAX-GFP construct, and it yielded an average
of 70% transfection rate (Lonza, Allendale, NJ).
Western blot analysis
Detection of proIL-1b and caspase-1 cleavage was performed
using western blot analysis. Briefly, 24 hours after treatment with
P. acnes, cells were harvested and lysed in 100ml of lysis buffer
(M-PER Mammalian Protein Extraction Reagents; Thermo Scientific,
Waltham, MA) with added protease inhibitors. Protein profiles were
separated by electrophoresis in 8–12% SDS-polyacrylamide gels and
transferred onto polyvinylidene difluoride membranes (Millipore,
Billerica, MA), and specific proteins were detected by the appropriate
primary and secondary antibodies before visualization using Versa-
DOC MP5000 (Bio-Rad).
Immunofluorescence labeling and confocal microscopy
Three typical inflammatory acne lesions and three normal skin tissues
from independent individuals were obtained from the Dankook
University Hospital in accordance and approval of the Institutional
Review Board. After deparaffinization and antigen retrieval with
citrate buffer, acne sections were blocked with 10% goat serum for
30 minutes. Triple immunofluorescence was performed with a cock-
tail solution of mouse anti-human caspase-1 IgG2a (0.5mg ml 1;
R&D Systems) and mouse anti-human CD68 IgG1 (1:300; Abcam,
Cambridge, MA). After overnight incubation, the sections were
incubated for 1 hour in a cocktail of Alexa fluor 568-conjugated
goat anti-mouse IgG2a and Alexa fluor 647-conjugated goat anti-
mouse IgG1. The sections were incubated with mouse anti-human
NLRP3 IgG2b (1:300; Adipogen, San Diego, CA) for 1 hour and
followed with Alexa fluor 488-conjugated goat anti-mouse IgG2b.
Sections were mounted in mounting medium (Vector Laboratories,
Burlingame, CA), and images were obtained and analyzed using a Leica
SP1 confocal microsystem (Leica Microsystems, Buffalo Grove, IL).
Statistical analysis
Results are expressed as the means±SD for the number of separate
experiments indicated in each case (nX3). One-way analysis of
variance was used to compare variances within groups and among
them. Post hoc two-tailed Student’s t-test was used for comparison
between two groups. Significant differences were considered for those
probabilities p5% (Pp0.05)
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